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Calculation of Electric Field Strength
The spherical Poisson-Boltzmann equation for the electric potential around a spherical particle in 
in a electrolyte solution1,2 was computed to estimate the electric field. A particle with a constant 
surface charge density, σ, independent of the electrolyte concentration was assumed.2 The 
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Where ε0 is the permittivity of vacuum, εr is the dielectric constant of the media, e is electric 
charge in Coulombs, a is the particle radius, and ζZnO   is the zeta potential in water 
(experimentally measured ζZnO =13.0 mV). Solutions were also computed as a function of zeta 





where NA is Avogadro’s number, kb – Boltzman constant,  Mi and Zi are the molar concentration 
and valency of ions, respectively. For computation of the Debye length of the water/acetonitrile 
(ACN) mixture, the concentration of ions was assumed to be extremely dilute (10-7 M) with an 
estimate of the adjusted dielectric constant (ε = 64.7) based on the 2:1 mixture, which is very 
close to literature value. An extremely dilute concentration of ions (10-7 M) was also assumed for 
calculation of Debye length of pure ACN.  For the dielectric constant of 1  M NaCl/ACN and 
1M  MgCl2/ACN solutions, literature values were used for the dielectric constant of the salt 
solutions,3,4 and then adjusted and estimated for the 2:1 mixture with acetonitrile. HPs were 
analyzed as spheres with diameters equivalent to the total core + shell diameter. In this case, 
shifting the size of the HP has little effect on the overall electric field. 
For 1 M MgCl2, the electric potential around a spherical particle was estimated using an 
analytical expression derived by Oshima et al. for 2:1 electrolytes.1 
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Where ε0 is the permittivity of vacuum, εr is the dielectric constant of the media, e is electric 
charge in Coulombs, and ζZnO is the zeta potential of ZnO nanorods (NRs) in water 
(experimentally measured as ζZnO  = 13.0 mV. The surface charge densities were converted to 
electric fields outside the particle by the equation below where  refers to the solvent 𝜀𝑟
environment (r > R; in Figure 4C r = R+Å) 
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NRs were compared to HPs, by characterizing the size of the NRs in terms of a sphere with an 
effective radius (94.2 nm) given by:
𝑟𝑒𝑓𝑓 = (3𝑉/4𝜋)1/3
A similar electric field is observed for the NRs (Figure S8). Electric field was also calculated as 
a function of distance from the surface with the measured zeta potential. For high ionic strength, 
the field decreases exponentially, reflecting the localized electric field with little difference 
between HPs and NRs. At low ionic strength, a larger difference is observed and because of 
minimal screening, there is a smaller decrease (Figure S9). Surface charge densities largely 
reflect the electric fields observed, with some difference in acetonitrile compared to water. A 
higher surface charge density is observed in the latter but greater field strength with the former 




Figure S1: (a) SEM image of SiO2 particles serving as the core particles for HPs synthesized 
using the Stöber process. Stöber SiO2 microparticles without PAA/PAH LBL coating (b) and 
with PAA/PAH LBL (c) coatings after incubation with ZnO NPs for 1 hour. (d) ZnO NRs 
collected from synthesis of HPs for benchmark comparison tests. HPs made using carboxylated 
SiO2 core microparticles without LBL films (e) and with LBL films (f). (g) Schematic showing 
coating of SiO2 microparticle with LBL coating and then deposition of ZnO NPs, which are 





Figure S2:  (a) Zeta potential of commercial carboxylated SiO2 and Stöber SiO2 microparticles 
as a function of polyelectrolyte layer number deposited in LBL process. (b) Indexed X-ray 
diffraction pattern of HPS2.









































Figure S3: SEM images of SiO2 HPs (a) and SiO2 cores (b) dispersed in heptane (0.1 mg/mL). 
Photograph of sediments (0.5 mg/mL) of SiO2 HPs (c) and SiO2 cores in heptane (d) after 1 
minute. SEM images of HPs with SiO2 cores in chloroform (e,h), tetrahydrofuran (f,i) and 
toluene (g,j) after 1 week (0.1 mg/mL). (k) Thermogravimetric analysis of SiO2 HPs (l) SEM 










Figure S4: Photographs of dispersions of (a) SiO2 HPs and ZnO nanorods (NRs) identical to 
nanospikes forming the spiky ‘halo’ of  HPs in 1M NaCl (a) and 2M NaCl (b) (0.5 mg/mL). (b) 
SiO2 HP and ZnO NR dispersions in 2M NaCl (0.5 mg/mL).  Photographs of sediment of SiO2 
HPs (c) and NRs (d) in 1M NaCl (0.5 mg/mL) after 1 minute. Confocal microscopy images of 







Figure S5: (a) Spectral changes of MB solution (5 x 10-5 M) upon photo-degradation catalyzed 
by HPS2. (b) Rate constants in MB photooxidation for different HPs with different spike lengths 
and widths; geometrical parameters are given in Table S1. (c) Photodegradation Kinetics of MB 
(5 x 10-5 M) in water by ZnO NRs and HPS2. The catalyst concentration was 2 mg/mL and a 302 
nm UV source was used for all the experimental sets. 









































































































Figure S6: Degradation of MB (5 x 10-5 M) in 1M NaCl (a) and 2M NaCl (b) by ZnO NRs and 
HPS2. Photodegradation kinetics of MB for different NaCl concentrations with HPS2 and ZnO 
NR catalysts (c). The concentration of all catalysts was 2 mg/mL a 302 nm light source was 
used. 
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Figure S7: Photoluminescence spectra with excitation of 360 nm of HP samples and ZnO 
nanorods normalized by estimated ZnO content (a) and without normalization (b).  Measured 
spike length and width in Table S1 were used with a total of 200 spikes per HP to estimate the 
content.


















































































































































Figure S8: (a) Production of benzaldehyde from photooxidation of 2-phenoxy-1-phenylethanol 
(PP-ol) for 2 hours with a 302 nm light source with different heterogeneous catalysts added in 
the amount of 3 mg/mL in 1M MgCl2/ACN (2:1 ratio). (b) Production of benzaldehyde from 
photooxidation of PP-ol for 2 hours with HPL1 and NRs added in the amount of 3 mg/mL in 1M 
CaCl2/ACN (2:1 ratio). A 302 nm light source (8 W) was used.  (c) Electric field strength for 
ZnO nanorods treated as spheres with effective radius (94.2 nm) and (d) surface charge density 
for ZnO HPs calculated utilizing DLVO theory and the Poisson-Boltzmann equation for a 
spherical particle in aqueous and salt mixtures with ACN (2:1) and pure ACN as a function of ζ 
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Figure S9: Electric field strength for HPs and ZnO nanorods (treated as spheres with effective 
radius (94.2 nm)) calculated utilizing DLVO theory and the Poisson-Boltzmann equation for a 
spherical particle. In water/ACN (a),  Pure ACN (b), 1 M NaCl/ACN (c), and 1 M MgCL2/ACN  
(d) as a function of radius with measured ζ-potential=13.0 mV (see DLVO Calculation of 
Electric Field).







































































































Figure S10: SEM images of HPL1 catalyst after photoreaction in 1 M MgCl2 in H2O/ACN (a) 
and in 1 M TBAPF6 (b) in ACN.
a b
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Table S1: Spike width, length, and total diameter of HPs synthesized using different precursor 
















HPS1 58 ± 14 482 ± 63 2091 ± 127 25 1
HPS2 72 ± 17 758 ± 56 2643 ± 113 37.5 1
HPL1 166 ± 27 1545 ± 240 4216 ± 480 37.5 2
HPL2 146 ± 25 1864 ± 122 4855 ± 244 25 2
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Table S2: BET surface area measurements and zeta potential measurements of HPs and ZnO NR 
catalysts.
Catalysts Surface Area (m2/g) Zeta Potential (mV)
ZnO NR 11.76 ± 0.007 13.0 ± 3.5 
HPS1 6.14 ± 0.098 -19.9 ± 0.71
HPS2 8.65 ± 0.037 -18.9 ± 1.7
HPL1 5.20 ± 0.015 -15.4 ± 4.8
HPL2 8.20 ± 0.017  -23.2 ± 2.1
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